Objective. Objective. To determine the feasibility and effectiveness of adding a hand hygiene exercise in selfscreening for Methicillin-Resistant Staphylococcus Aureus (MRSA) nasal colonization to a health care delivery course for first-year pharmacy (P1) students.
INTRODUCTION
Methicillin-resistant Staphylococcus aureus (MRSA) is a common cause of health care associated infections, and the incidence of community-acquired infections has increased in recent years. 1, 2 Of the general population, about 1.5% are asymptomatic nasal carriers of MRSA, and the prevalence among health care workers is about 3 times as high (4.6%). [3] [4] [5] [6] The anterior nares serve as the main MRSA reservoir, but transient hand carriage and subsequent transmission is possible. Implementation of proper hand hygiene technique is effective in preventing person-to-person transmission of MRSA, and such programs have been associated with reduced prevalence of the infection. [8] [9] [10] Despite the higher prevalence of the bacteria among health care workers, health care providers are rarely required to undergo screening for MRSA nasal colonization. Studies of the prevalence of MRSA carriage among health care professional students have not tested the feasibility of student screening or its impact on student knowledge and attitudes. 11 In 2011, faculty members at the Wegmans School of Pharmacy began training all newly matriculated P1 students to follow the World Health Organization's 8-step method for hand hygiene using alcohol-based products. 11 Students were successful in mastering the skill for hand hygiene and reported greater motivation to perform hand hygiene after training. 12 To make students more aware of the likelihood of MRSA exposure within their own classroom, we introduced a new active learning exercise in fall 2012: the MRSA nasal colonization self-screening. The purpose of this study was to determine the feasibility of having students participate in this invasive exercise and to assess the effects on student attitudes toward, knowledge of, and motivation to perform hand hygiene.
DESIGN
Newly matriculated doctor of pharmacy (PharmD) students received hand hygiene instruction within the context of a required 3-credit hour, semester-long lecture course titled Health Care Delivery. Hand hygiene instruction was a natural companion to the other introductory content presented in the course, which spanned what it means to be a health care professional, the various health care professions, health care settings, public health, the Triple Aim (lower cost, better health care quality, and improved patient outcomes), and interdisciplinary, patientcentered care. By providing this instruction at the start of the first semester of the P1 year and following it with MRSA self-screening one month later, we hoped to provide students with a clinical skill that they could use immediately and which, if performed regularly, could protect them throughout their experiential education. This study was reviewed and approved by the school's Institutional Review Board (IRB).
Approximately one month after the P1 students completed their hand hygiene examination and skills assessment (evaluated using a rubric), we introduced the MRSA self-screening exercise during class. The flora sampling and reporting of MRSA nasal colonization incidence were designed to actively engage students in inquiry, reinforcing their interest and helping them make connections to hand hygiene. Thus, pedagogical components of this exercise (ie, teaching technique, providing evidence to support its importance) engaged students in an investigation that underscored the importance of hand hygiene.
Two faculty members from the biology department began the class by briefly reviewing MRSA microbiology and the history of contagion. This introduction consisted of a review of the importance of hand hygiene based on an 18th century case and a condensed tutorial on MRSA microbiology. Historical information regarding the history of hand washing and data demonstrating how hand washing improved mortality rates in clinical settings were presented to capture the students' interest. The course instructor then reviewed the prevalence of health careassociated and community-acquired MRSA and introduced the exercise as a way to better understand the flora present in the classroom. At our institution, P1 students remain in the same classroom through the school year with instructors circulating through the room. Therefore, the flora of the classroom may more closely resemble that of the P1 students than classrooms in which many different students spend considerably less time.
Techniques to properly gather anterior nasal specimens using a sterile, calcium alginate swab moistened with sterile saline were then described and demonstrated by the biology faculty member and course instructor, who collected their own samples in front of the class. The faculty members drew a specimen from each naris and transferred the first sample to a BBL CHROMagar MRSA II screening agar plate (Becton, Dickinson and Company, Sparks, MD), and the second sample to a mannitol salt agar (Becton, Dickinson and Company, Sparks, MD) plate. Plates were marked with a unique 6-digit identification number, which each participant was to record and retain to ensure anonymity. No personal or other identifying information was attached to the plates. Faculty members then distributed sample collection supplies to each student and instructed the class to self-collect specimens. The supplies were acquired by the Department of Biology for $15.44 per person. The introduction, demonstration, and student sampling took about 20 minutes. Immediately following specimen collection, plates were transferred to the laboratory and incubated according to manufacturer specifications for the recommended 24-hour time period at 37˚C. After 24 hours, plates were evaluated for growth. Any CHROMagar MRSA II plates that had colony growth as indicated by a mauve-violet color were identified as preliminary positive results suggestive of MRSA presence. Any MSA plates that demonstrated a color change from baseline pink to bright yellow, which is indicative of a Staphylococcus species capable of fermenting mannitol, were identified as positive for pathogenic Staphylococcus growth. Each set of positive results was cross-referenced according to the unique 6-digit identifier on the plates. If a participant's samples corresponded to positive results on both CHROMagar MRSA II and mannitol salt agar plates, further testing was performed. First, an isolated colony from the mannitol salt agar plate was extracted and placed on a BBL Trypticase Soy Agar with 5% Sheep Blood (TSA II; Becton, Dickinson and Company, Sparks, MD) plate according to manufacturer recommendations for a 24-hour incubation period at 37˚C. Additionally, colony growth on TSA II plates exhibiting beta hemolysis after incubation was sampled for Gram staining. Results of the specimen plating exercise are represented in Figure 1 .
Approximately 2 weeks later, culture results (identified only by 6-digit plate numbers) were posted to Blackboard where students could view their results and those of the rest of the class. Although MRSA nasal colonization is not considered a condition requiring treatment, we recommended that students with a positive result see their health care provider or visit the campus wellness center. Health care providers have the option of repeating the test and treating any colonization with a regimen of mupirocin lotion applied topically by prescription, for example. During the next class period, we calculated the prevalence of MRSA nasal colonization in the class and compared it to the prevalence among the general population and among health care providers.
Two weeks after completing the screening exercise, after the MRSA screening results were shared with the class, students were asked to complete an anonymous survey during class to assess their knowledge, attitudes, and motivation regarding hand hygiene before and after completing the MRSA instruction. To measure incremental improvement in motivation and attitudes to perform hand hygiene after the MRSA exercise, many of the same survey items that we had used earlier in the semester to assess student knowledge of hand hygiene technique were used on the survey instrument. The survey design was based on our previously published work 16, 17 It included 17 questions with responses measured on a 4-point Likert scale (15weak or disagree, 25fair or somewhat disagree, 35good or somewhat agree, 45very good or agree) and each item had a prescreening and postscreening column in which to record their score. Participation in the survey was anonymous and voluntary. Analysis of students' re-sponses for prescreening vs postscreening was performed using the Wilcoxon signed ranks test. All analyses were conducted in SPSS, version 20, and repeated in STATA, version 10 (College Station, Texas).
After completing the self-screening, reviewing the results, and calculating and comparing MRSA nasal colonization prevalence, students were expected to be able to meet several learning objectives incorporating the knowledge, application, and synthesis domains of Bloom's Taxonomy and the human dimension, application, integration, and foundational knowledge domains of Fink's Taxonomy (Table 1) . For example, collection of samples (application skill) allowed for first-hand experience of the nasal specimen collection process and for observation of how the students, their classmates, and instructors reacted to the experience (human dimension [learning American Journal of Pharmaceutical Education 2014; 78 (7) Article 138. about oneself and others]). Through the sharing of anonymous results, students gained foundational knowledge about their personal flora and that of their classmates (human dimension). Students had the opportunity to synthesize information and experience from this and previous hand hygiene curriculum components to further enhance their knowledge and awareness of the importance of hand hygiene, as well as their motivation to perform proper hand hygiene.
EVALUATION AND ASSESSMENT
Matriculating P1 students in Fall 2012 were primarily Caucasian and between the ages of 18 and 24 ( Table 2) . Of the 80 students in the P1 class, 71 were present in class on the day of the self-screening exercise and all participated in the exercise. Of the 71 sets of plates, all samples yielded colony growth. Three (4.2%) plates screened positive for MRSA colonization. The Fisher exact test was used to determine if there was an association between the classroom prevalence and the general population prevalence. The difference between the groups was not significant (2-tailed, p50.65), suggesting that the newly matriculating P1 class prevalence resembled that of the general population.
Twenty-six of the 71 students who had completed the exercise completed the survey instrument. Students' scores on knowledge, awareness, and motivation to perform hand hygiene significantly improved following completion of the MRSA self-screening exercise (Table 3) . Notably, 24 (92.3%) students responded positively to the statement: "Screening for MRSA colonization is an important exercise for pharmacy students." All participants responded positively to the following statements: "Learning about hand hygiene with alcohol-based preparations will help me to be a better pharmacist" and "This class provided information that I can apply in practice."
Class performance questions on hand hygiene and health care-associated infections on a written examination (worth 33% of the course grade) was compared to performance of the P1 class in the previous year, which had received the hand hygiene instruction but had not completed the MRSA nasal colonization self-screening exercise. For the test question, "Health care associated Successfully obtain a viable sample of nasal mucosa for testing.
Application
Human Dimension Application Express an improvement in knowledge of the importance of hand hygiene to patient health and pharmacy practice.
Integration Human Dimension Foundational Knowledge Express increased awareness of the impact of hand hygiene on patient and provider health.
Application Integration Human Dimension Foundational Knowledge
Express the belief that self-screening for MRSA colonization is an important exercise for pharmacy students.
Knowledge Human Dimension Application
Express an improvement in motivation to perform hand hygiene as indicated.
Synthesis
Integration Human Dimension Foundational Knowledge infections are a rare cause of death, true or false?" the number of students selecting the correct answer was significantly higher in the class that had completed the MRSA self-screening exercise (98.75% compared to 88.3% of the previous class with p,0.01). (The p-value associated with the chi-square test for a difference in proportions is p,0.01.) Student performance on test items specific to hand hygiene indications and technique were not significantly better than those of the previous class.
DISCUSSION
We assessed 3 broad questions in this study: (1) Is MRSA nasal colonization self-screening feasible and acceptable to students in a required course completed prior to clinical training? (2) Do students express an increased knowledge and awareness of health care-associated infections and the importance of hand hygiene after selfscreening than after hand hygiene instruction alone? (3) Was the class performance on test questions related to health care-associated infections and hand hygiene better than that of the previous year's class, which received the same instructions on hand hygiene technique and indications, but did not participate in the self-screening exercise? The feasibility of adding the self-screening exercise was determined by the number of students who successfully obtained nasal samples by inserting a cotton swab to the very back of each side of their noses and swiping each swab onto a culture plate, one at a time. We anticipated that some students would feel uncomfortable sticking a swab up their nose, particularly in front of classmates. Others might not have wanted their samples tested and reported, even though samples were anonymous. Nevertheless, all 71 students (100%) present in class completed the exercise and every set of plates returned a viable result. In a relatively full classroom with faculty members participating, it may have been difficult for students to resist participation, particularly at this early stage in their training.
We concluded that self-screening for MRSA nasal colonization was feasible in this class of P1 students. The cultures demonstrated a prevalence of MRSA nasal colonization among the students in the class that was similar to that in the general population, and the pre/post screening survey responses suggested that this exercise resulted in achievement of learning objectives.
A limitation of the study was the relatively low survey response rate. Factors that may have contributed to the low response rate may include lower class attendance on the day the survey was administered and student fatigue. The pre/post screening survey used after the self-screening for MRSA nasal colonization was nearly identical to the pre/ post survey students completed at the end of the hand rubbing skills training with alcohol based preparations. The instructor explained the purpose of the second survey, but fatigue, lack of time between classes, and competing demands likely had a negative effect on the response rate.
We expected to see modest improvements in students' rating of incremental learning after completing the MRSA self-screening exercise but did not. Nevertheless, students reported significant improvements across all parameters, including improvements in their knowledge of hand hygiene even though the MRSA self-screening exercise did not address hand hygiene technique. Students may have assumed that self-screening for MRSA nasal colonization was a component of hand hygiene programs. Alternatively, students may have responded positively overall to the exercise and, therefore, tended to rate all of the survey items positively. Class performance on a test question related to health care-associated infections was significantly better than that of the previous class (which had received the same hand hygiene training but not the self-screening exercise), but scores on test questions related to hand hygiene were not higher than those of the previous class.
SUMMARY
Self-screening for MRSA nasal colonization in a first semester lecture course for P1 students appears to be a feasible method for reinforcing motivation to perform hand hygiene technique as promulgated by the World Health Organization. Future studies should examine the effects of such active learning on student hand hygiene behaviors and on retention of learned practice upon entering the health care workforce.
